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METHOD AND APPARATUS FOR PROVIDING CENTRALIZED 
POWER CONTROL ADMINISTRATION FOR A SET OF BASE 

STATIONS 



BACKGROUND OF THE INVENTION 
I. Field of the Invention 

The present invention relates to communication systems, particularly 
*?.? met %d and apparatus for, perforrning handoff between two sectors of a 
common base station. 



IL Description of the Related Art 



— ; a - c ? de : division , multiple access, (CDMA) cellular telephone, 
wireless local loop or personal communications system, ? a common 
frequency band i^v^^,co^ammdc^i^ with all base stations in a system. 
The common frequency band allows simultaneous communication between 
20 a remote unit and more than one base, station. . Signals, occupying the 
common frequency band are djscriminated at ^e receiving station through 
me spread spectrum CDMA waveform properties based on the use of a hieh 
speed pseudonoise (PNO code. The high speed PN code is used to modulate 
^gnais transmitted from both the base, stations and , the remote units. 
25 Transmitter stations, using different PN codes or PN codes that are offset in 
time produce signals mat can be separately received at the^ receiving station. 
The high speed PN modulation also allows the receiving, station to receive 
several instances of a common signal from a single transmitting station 
where the signal has traveled over several distinct propagation paths due to 
30 the multipath characteristics of the radio channel or purposefully 
introduced diversity. , . . 

The multipath characteristics of the radio channel create multipath 
signals that traverse several distinct propagation, paths between the 
transmitting station and the receiving station. One characteristic of a 
35 multipath channel is the time spread introduced in a signal that is 
transmitted through the. channel. For example, if an ideal impulse is 
transmitted over a multipath ."channel, the received signal appears as a 
stream of pulses. Another characteristic of the multipath channel is that 
each path through the channel may cause a different attenuation. For 
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example, if an ideal impulse is transmitted over a multipath channel, each 
pulse of the received stream of pulses generally has a different signal 
strength than the other received pulses. Yet another characteristic of the 
multipath channel is that each path through the channel may cause a 
5 different phase on the signal. For example, if an ideal impulse is 
transmitted over a multipath channel, each pulse of the received stream of 
pulses generally has a different phase than the other received pulses. 

In the radio channel, the multipath is created by reflection of the 
signal from obstacles in the environment, such as buildings, trees, cars, and 

10 people. In general the radio channel is a time varying multipath channel 
due to the relative motion of the structures that create the multipath. For 
example, if an ideal impulse is transmitted over the time varying multipath 
channel, the received stream of pulses would change in time location, 
attenuation, and phase as a function of the time that the ideal impulse is 

15 transmitted. 

The multipath characteristics of a channel can cause signal fading. 
Fading is the result of the phasing characteristics of the muitipath channel. 
A fade occurs when muitipath vectors add destructively, yielding a received 
< signal that is smaller than either individual vector. For example if a sine 

20 wave is transmitted through a multipath channel having two paths where 
the first path has an attenuation factor of X dB (decibels), a time delay of 8 
with a phase shift of © radians, and the second path has an attenuation 
factor of X dB, a time delay of 5 with a phase shift of © + n radians, no signal 
would be received at the output of the channel. 

25 In narrow band modulation systems such as the analog FM 

modulation r employed by conventional radio telephone systems, the 
existence of multiple path in the radio channel results in severe multipath 
fading. As noted above with a wideband CDMA, however, the different 
paths may be discriminated at the receiving station in the demodulation 

30 process. The discrimination of multipath signals not only greatly reduces 
the severity of multipath' fading but provides an advantage to the CDMA 
system.- 

In ait exemplary CDMA system, each base station transmits a pilot 
signal having a common PN spreading code that is offset in code phase from 
35 the pilot signal of othier base stations. During system operation, the remote 
unit is provided with a list of code phase offsets corresponding to 
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neighboring base stations surrounding the base station through which 
... communication is established. The remote unit** is equipped with a 
searching element that allows the remote unit to track the signal strength of 
the pilot signal from a group of base stations including the neighboring base 
5 stations. • ; ' - - • 

\ A : method and system for providing aT communication : wiA ; a remote 
unit through more than one base station during the hahdoff process are 
disclosed in U.S. Patent No- 5,267,261, entitled "MOBILE ASSISTED SOFT 
HANDOFF IN A CDMA CELLULAR COMMUNICATION SYSTEM/' issued 
10 November 30, 1993 assigned to the assignee of the present invention. Using 
this system, communication ; between the remote unit and tH£ r end tiser is 
.uninterrupted by the.eventualr handoff from an olriginal base station to a 
: subsequent base station This type of handoff inay^be considered as ; a ''soft" 
. l^ndoff in that communication with the subsequent base station is 
15 : established .before communication with * the original base station is 
- t«minated/ , When the remote unitd is in conuntmication with two base 

the signals received from each base 
station in the same manner that multipath signals from a ; common base 
.•;•■> station are combined./ 'i\ e?.:-*:: \:~< ■^"■V. ■ 'vv.--- :^jtA r:: : y*L* -*v 
20 v v In a typical macrocellular system, a system) controller may be 
employed to create a single signal for the other end- user from the signals 
received by each base station. Within each base station, signals received 
from a common remote unit may be combined before they are decoded and 
thus take full advantage of the multiple signals received. ^ TKe decoded 
25 result from each base station is provided to the system controller* Once a 
signal has been decoded it cannot- be 'combmed* with other signals. THus 
the system, controller must select between' the plurality of decoded signals 
. produced by each base station with which communication is established by a 
single remote unit The most advantageous decoded signal is selected from 
30 the set of signals from the base stations and the other signals are simply 

discarded- . , :-v >-a 

-■ ■ .... * . . . . * . * 

Remote unit assisted soft handoff operates based on the pilot signal 
strength of several sets of base stations as measured by the' remote unit/ The 
Active Set is the set of base stations through which active communication is 
35 established. The Neighbor Set is a set of base stations surrounding an active 
base station comprising base stations that have a high probability of having a 
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v signal strength of sufficient level to establish communication. The 
Candidate Set is a set of base stations having a pilot signal strength at a 
sufficient signal level to establish communication. 

When communications are initially established, a remote unit 
5 communicates through a first base station and the Active Set contains only 
the first base station. The remote unit monitors the pilot signal strength of 
the base stations of the. Active Set, the Candidate Set, and the Neighbor Set 
When a pilot signal of a base station in the Neighbor Set exceeds a 
predetermined threshold level, the base station is added to die Candidate Set 

10 and removed from the Neighbor Set at the remote unit The remote unit 
communicates a message to the first base station identifying the new base 
station. A cellular or personal communication system controller decides 
whether to establish communication between the new base station and the 
remote unit* Should the cellular or personal communication system 

15 controller decide to do so, the cellular or personal communication system 
controller sends a message to the new base station with identifying 
information about the remote unit and a command to establish 
communications therewith. A message is also transmitted to the remote 
unit through the first base station. The message identifies a new Active Set 

20 that includes the first and the new base stations. The remote unit searches 
for the new base station transmitted information signal and communication 
is established with the new base station without termination of 
communication through the first base station. This process can continue 
with additional base stations. 

25 When the remote unit is communicating through multiple base 

stations, it continues to monitor the signal strength of the base stations of 
tile Active Set, the Candidate Set, and the Neighbor Set Should the signal 
strength corresponding to a base station of the Active Set drop below a 
predetermined threshold for a predetermined period of time, the remote 

30 unit generates and transmits a message to report the event The cellular or 
personal communication system controller receives this message through at 
on ^ °* t* 1 ^ base stations with which the remote unit is communicating. 
The cellular or personal communication system controller may decide to 
tenninate communications through the base station having a weak pilot 

35 signal strength. 
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The cellular: or personal communication system controller upon 
deciding to terminate communications through a base station generates a 
message identifying a new Active Set of base stations, i The new Active Set 
... does not contain, the base station through which communication- is to be 
5 terminated. The base stations through which communication is established 
send a message to the remote unit:. Tlie cellular or personal communication 
v system controller also ' Communicates information to the base station to 
terminate communications, with : the remote unit. The remote unit 
communications are thus routed only through base stations identified in the 
10,. new Active Set. . / . y ■:•) 

: , .c Because the remote unit is communicating 'with the end user tfiough 
r at least one base station at all times -throughout the^ soft handoff process, no 
interruption in communication occurs between the remote unit and the end 
user. A soft handoff, provides significant* benefits irT its inherent "make 
15 before break" technique > over -the conventional ^reak- before make" 
rj - technique employed in other cellular ^communication systems.- 

In a : cellular : or personal: - communication telephone system, 
maximizing the capacity of the system in terms of the number of 
; ^ smultaneovis . telephone: calls that can be handled is extremely important. 
20 , System capacity in a spread spectniin system can be maximized if the 
transmission power > of; each remote unit is controlled such that each 
transmitted signal arrives at the base station receiver at the same level. In 
an actual system, each remote unit may transmit the minimum signal level 
, that produces a signal-to-noise ratio that allows acceptable data recovery. If a 
25 signal transmitted by a remote unit arrives at the base station receiver at a 
power level that is too low/ the bit-error-rate may be too high to permit high 
, quality commimications due to interference from the other remote units. 

On the other hand, if the remote unit transmitted signal is at a power level 
. that is too high when received at the base station, communication with this 
30 particular remote unit is acceptable but this high power signal acts as 
interference to other remote units. This interference may adversely affect 
communications with other remote units. ,-\ • 

, Therefore to maximize capacity in an exemplary CDMA spread 
spectrum system, the transmit power of each remote unit* within the 
35 coverage area of a base station is controlled by the base station to produce the 
same nominal received signal power at the base station. In the ideal case, 
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the total signal power received at the base station is equal to the nominal 
power received from each remote unit multiplied by the number of remote 
units transmitting within the coverage area of the base station plus the 
power received at the base station from remote units in the coverage area of 
5 neighboring base stations. 

The path loss in the radio channel can be characterized by two 
• separate phenomena: average path loss and fading. The forward link, from 
the base station to the remote unit, operates on a different frequency than 
the reverse link, from die remote unit to the base station. However because 

10 the forward link and reverse link frequencies are within the same general 
frequency band, a significant correlation between the average path loss of the 
two links exists. On the other hand, fading is an independent phenomenon 
for the forward link and reverse link and varies as a function of time. 

In an exemplary CDMA system, each remote unit estimates the path 

15 loss of the forward link based on the total power at the input to the remote 
unit. The total power is the sum of the power from all base stations 
operating on the same frequency assignment as perceived by the remote 
unit From the estimate of the average forward link path loss, the remote 
unit sets the transmit level of the reverse link signal. Should the reverse 

20 link channel for one remote unit suddenly improve compared to the 
forward link channel for the same remote unit due to independent fading of 
the two channels, the signal as received at the base station from this remote 
unit would increase in power. This increase in power causes additional 
interference to all signals sharing the same frequency assignment. Thus a 

25 rapid , response of . the . remote unit transmit power to the sudden 
improvement in the channel would improve system performance. 
Therefore it is necessary to have the base station continually contribute to 
the power control mechanism of the remote unit 

Remote unit transmit power may also be controlled by one or more 

30 base stations. Each base station with^which the remote unit is in 
communication measures the received signal strength from the remote 
unit The measured signal strength is compared to a desired signal strength 
level for that particular remote unit. A power adjustment command is 
generated by each base station and sent to the remote unit on the forward 

35 link. In response to the base station power adjustment command, the 
remote unit increases or decreases the remote unit transmit power by a 
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predetermined amount. By this, method, a rapid response to a change in the 
channel is effected and the average system performance is improved. Note 
that in a typical cellular system, me base stations are riot intimately 
connected and each base station in the system is unaware of the power level 
5 at which the other base stations receive the remote unit's signal. 

When a remote unit is in communication with more than one base 
station, power adjustment commands are provided from each base station. 
The remote unit acts upon these multiple base station power adjustment 
commands to avoid transmit power levels that may adversely interfere with 
10 other remote unit communications and yet provide sufficient power to 
support communication from the remote unit to at least one of the base 
stations. This , power control mechanism is accomplished by having the 
remote unit, increase its transmit signal level only if every base station with 
which the remote unit is in communication requests an increase in power 
15 , level. The remote unit decreases its transmit signal level if any base station 
with which the remote unit is in communication requests that the power be 
■ decreased. A system for base station and remote unit power control is 
disclosed in US. ; Patent No. 5,056,109 entitled "METHOD AND 
APPARATUS FOR CONTROLLING TRANSMISSION POWER IN A CDMA 
20 CELLULAR MOBILE . TELEPHONE SYSTEM," issued October 8, 1991, 
assigned to the Assignee of the present invention. • 

Base station diversity, at the remote unit is an important 
consideration in the soft handoff process. The power control method 
described above operates optimally when the remote unit communicates 
25 with each base station through which communication is possible. In doing 
so, the remote unit avoids inadvertently interferihg with communications 
through a base station receiving the remote unit's signal at an excessive 
level but unable to communicate a power adjustment command to the 
remote unit because communication is not established therewith. 
30 A typical cellular or personal communication system contains some 

base stations having multiple sectors.- A multi-sectored base station 
comprises multiple independent transmit and receive antennas. The 
process of simultaneous communication with two sectors of the same base 
station is called softer handoff. The process of soft handoff and the process 
35 of softer handoff are the same from the remote unit's perspective. However 
the base station operation in softer handoff is different from soft handoff. 
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When a remote unit is communicating with two sectors of the same base 
station, the demodulated data signals of both sectors are available for 
combination within the base station before the signals are passed to the 
c el l u lar or personal communication system controller- Because the two 
5 sectors of a common base station share circuitry and controlling functions/ a 
variety of information is readily available to sectors of a common base 
station that is not available between independent base stations. Also two 
sectors of a common base station send the same power control information 
to a remote unit (as discussed below); 

10 The combination process in softer handoff allows demodulated data 

from different sectors to be combined before decoding and thus produce a 
single soft decision output value. The combination process can be 
performed based on the relative signal level of each signal thus providing 
the most reliable combination process. 

15 As noted above, the base station can receive multiple instances of the 

same remote unit signal. Each demodulated instance of the arriving signal 
is assigned to a demodulation element. The demodulated output of the 
demodulation element is combined. The combined signal is decoded. The 
demodulation elements, instead of being assigned to a single sector, may be 

20 assigned to a signal from any one of a set of sectors in the base station. Thus, 
the base station may use it resources with high efficiency by assigning 
demodulation elements to the strongest signals available. 

Combining signals from sectors of a common base station also allows 
a sectorized base station to make a single power adjustment command for 

25 remote unit power control. Thus the power adjustment command from 
each sector of a common base station is the same. This uniformity in power 
control allows flexible handoff. operation in that sector diversity at the 
remote unit is not critical to the power control process. Further details of 
the softer handoff process are disclosed in U.S. Patent Application Serial 

30 No. 08/144,903, filed October 30, 1993, entitled "METHOD AND 
APPARATUS FOR PERFORMING HANDOFF BETWEEN SECTORS OF A 
COMMON BASE STATION," assigned to the assignee of the present 
invention. Further information on the benefits and application of softer 
handoff are disclosed in U.S. Patent Application Serial No. 08/144,901, filed 

35 October 30, 1993, entitled "METHOD AND APPARATUS FOR REDUCING 
THE AVERAGE TRANSMIT POWER FROM A SECTORIZED BASE 
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STATION" and U.S. . Patent Application Serial No. 08/316,155, filed 
September 30, 1994 entitled "METHOD AND APPARATUS FOR 
REDUCING THE AVERAGE TRANSMIT POWER OF A BASE STATION" 
each of which is assigned to the assignee of the present invention. 
5 Each base station in the cellular system has a forward link coverage 

area and a reverse link coverage area. These coverage areas define the 
physical boundary beyond which base station communication with a remote 
unit is degraded. In other words, if a remote unit is within the base station's 
coverage area, the remote, unit can communicate with the base station, but if 
0 the remote unit is beyond the coverage area, communications are 
compromised; A base station may have single or multiple sectors: Single 
sectored base stations have approximately a circular coverage area. 
Multi-sectored , base stations, have independent coverage areas' that form 
.u i lobes radiating from me base station'. • c 

Base station coverage areas have two handoff boundaries. A handoff 
. : boundary is defined as the physical location between two base stations where 
the. link would, perform the same regardless of whether the remote unit is 
communicating with the; first: or second base station. Each base station has a 
-,J forward link handoff boundary and a reverse link handoff bduhdaiy:" The 
?•: forward link handoff boundary is defined as the location where the remote 
unit's receiver would perform the same regardless of which base station it 
was receiving. The reverse link handoff bourtdary is defined as the location 
of the, remote unit where two base station receivers would perform the same 
-with respect to that remote unit:. : . : ^ ,ir-~ : * 

Ideally these , boundaries should be balanced, meaning that they 
should have the same physical location,. If they- are not balanced, system 
capacity .may be reduced as the power control process is ^disturbed or the 
handoff region unreasonably expands. Note that handoff boundary balance 
is a function of time, in that the reverse I? link coverage ' area shrinks as the 
number of remote units present therein increases. Reverse link power, 
which increases with each additional remote unit> is inversely proportional 
to die reverse link coverage area. An increase' in receive power decreases 
the effective size of the reverse link coverage area of the base station and 
causes the reverse link handoff boundary to move inward toward the base 
station. ; « : 
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To obtain high performance in a CDMA or other cellular system, it is 
important to carefully and accurately control the transmit power level of the 
base stations and remote units in the system. Transmit power control limits 
the amount of self-interference produced by the system. Moreover, on the 
5 forward link, a precise level of transmit power can serve to balance the 
forward and reverse link handoff boundaries of a base station or a single 
sector of a multi-sectored base station. Such balancing helps to reduce the 
size of the handoff regions, increase overall system capacity, and improve 
. remote unit performance in the handoff region. 

10 Before adding a new base station to the existing network, the forward 

link (i.e., transmit) power and the reverse link (i.e., receive) signal power of 
the new base station are both approximately equal to zero. To begin the 
process of adding the new base station, an attenuator in the receive path of 
the new base station is set to a high attenuation level, creating a high level 

15 of artificial noise receive power. An attenuator in the transmit path is also 
set to a high attenuation level, which in turn causes a low transmit power 
level. The high level of artificial noise receive power results in the reverse 
^ link coverage area of the new base station being very small. Similarly, 
because the forward link coverage area is directly proportional to the 

20 transmit power, the very low transmit power level and the forward link 
coverage area is also very small. . ? 

The process thai continues by adjusting the attenuators in the receive 
and transmit paths in unison. The attenuation level of the attenuator in the 
receive path is decreased, thereby decreasing the level of artificial noise 

25 receive power, increasing the natural signal level, and hence increasing the! 
size of the reverse link coverage area. The attenuation level of the transmit 
path attenuator is also decreased, thereby increasing the transmit power 
level of the new base station and expanding its forward link coverage area. 
The rate at which the transmit power is increased and the artificial noise 

30 receive power is decreased must be sufficiently slow to permit handoff of 
calls between the new and surrounding base stations as the new base station 
is added to or removed from the system. 

Each base station in the system is initially calibrated such that the sum 
of the unloaded receiver path noise measured in decibels and the desired 

35 pilot power measured in decibels is equal to some constant. The calibration 
constant is consistent throughout the system of base stations. As the system 
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becomes loaded (i.e., remote units begin to communicate with the base 
^ stations),, a , compensation network maintains the "constant relationship 
between the reverse link powerireceived at the base station and the pilot 
power transmitted from the base station. The loading, of a base station 
5 effectively moves the reverse link handoff boundary closer in toward the 
base station. . Therefore to imitate the same effect on the forward link, the 
pilot power is decreased as loading is increased. The process of balancing the 
forward link, handoff boundary to the reverse link handoff boundary is 
referred to as base station breathing is detailed in U.S. Patent Noi ~ __. 
10 entitled "METHOD AND APPARATUS FOR * BALANCING THE 
.. FORWARD LINK . HANDOFF BOUNDARY TO THE REVERSE LINK 
HANDOFF BOUNDARY IN A CELLULAR COMMUNICATION SYSTEM" 

issued ___ — , .1996 and .assigned to the assignee - of the present 

mvention. The process of balancing the forward link handoff boundary to 
15 the reverse link handoff boundary during the addition or removal of a base 
station from a system is referred to- as base station blossoming and wilting is 
detaUed in U.S. Patent Nq. 5,475,870 entitled "APPARATUS AND METHOD 
FOR ADDE>JG AND REMOVINGi; A BASE STATION FROM A CELLULAR 
,.. COMMUNICATION SYSTEM". issued. December 12, 1995 and assigned to the 
20 assignee of the present invention, ■, ; ' 

It is desirable to control the relative power.used in each forward link 
signal transmitted by die base; station, in response:, to control information 
transmitted by each remote r jinit The i primary reasori for' providing such 
control is to accommodate the fact that in certain locations the forward link 
15 may be unusually disadvantaged. Unless the power being transmitted to the 
disadvantaged remote unit is s increased, - the. signal qualify may become 
unacceptable. An example of such a ; location is a point where the path loss 
to one or two neighboring base stations is nearly the same as the path loss to 
the base station communicating, with the remote unit! In such a location, 
» the total interference would be increased by three times over the 
interference seen by a remote unit, at a point relatively dose to its base 
station. In addition, the interference coming from the neighboring base 
stations does not fade in unison with the signal from the active base station 
as would be the case for interference coming from the active base station. A 
remote unit in such a situation may require 3 to 4 dB of additional signal 
power from the active base station to achieve adequate performance. 
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At other times, the remote unit may be located where the signal-to- 
interference ratio is unusually good. In such a case, the base station could 
transmit the corresponding forward link signal using a lower than nominal 
transmitter power, reducing interference to other signals being transmitted 
by the system. 

To achieve the above objectives, a signal-td-interf erence 
measurement capability can be provided within the remote unit receiver. A 
signal-to-interference measurement is performed by comparing the power of 
the desired signal to the total interference and noise power. If die measured 
ratio is less than a predetermined value, the remote unit transmits a request 
to the base station for additional power oh the forward link. If the ratio 
exceeds the predetermined value, the remote unit transmits a request for 
power reduction. One method by which the remote unit receiver can 
monitor signal-to-interference ratios is by monitoring the frame error rate 
(FER) of the resulting signal. 

The base station receives the power adjustment requests from each 
renc \P te : unit 3 responds by adjusting the power allocated to the 
/.^P^BPPP^K forward link signal by a predetermined amount. The 
adjustment would usually be small, typically on the order of 05 to 1.0 dB, or 
around 12%. The rate of change of power may be somewhat slower than 
that used for the reverse link, perhaps once per second. In the preferred 
embodiment, the dynamic range of the forward link adjustment is typically 
limited such as from 4 dB less than nominal to about 6 dB greater than 
nominal transmit power. 

CDMA base stations have the ability to provide accurate control over 
the power level at which they transmit. To provide accurate power control, 
it is necessary to compensate for variations in the gain in the various 
components comprising the transmit chain of the base station. Variations 
in the gain typically occur over temperature and aging such that a simple 
calibration procedure at deployment does not guarantee a precise level of 
output transmit power over time. Variations in the gain can be 
compensated by adjusting the overall gain in the transmit chain so that the 
actual transmit power of the base station matches a calculated desired 
transmit power. Each base station sector produces several signaling 
channels that operate at a variety of data rates and relative signal levels that 
combined create a raw radio frequency transmit signal The channel 
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element modulators, each of which corresponds to a channel, calculate the 
expected power of each channel signal. The base station also comprises a 
,base station transceiver system controller (BTSC) which generates a desired 
output power of the sector by summing the expected powers of each 
.channel. .< . •'•-,•.--„•■. . • .•• «. -. '<-. 

. :As ™>ted above, a typical cellular system is comprised of a plurality of 
spaced apart base stations each having a set of associated collocated antennas. 
A typical cellular base station may be comprised of, three or more sectors. 
The sectors are subdivisions of the base station that are intimately • related. 
Each sector transnuts a different set of signals than the set of signak 
transmitted by every other sector in the base station. Because- tins' sector 
drcuin y fe , collocated, it, may be easily shared and mtercohhected between 
the sectors. The antenna pattern of a typical three sectored base station is 
shown in FIG. 1. hi FIG. 1 coverage area 300A is represented by tite finest 
15 width line. Coverage area 300B is represented by. the medium width line. 

; C° vera S e area300C is represented; by the. heaviest "line. The shape of the 
,^ ; :...,; > Jli!«e coverage areas shown in -FIG. I k the shape produced by standard 
d "? cti 9^ dipole antennas. The edges of the coverage areas can be thought 
? f zsjhe location at which a- remote unit receives the minimum Signal level 
20 necessary to support communication through that sector/ As a remote unit 
moves into the sector, the signal strength received from= the base station as 
perceived by the remote unit increases. ■ A remote unit &af point 302 may 
communicate through sector 300A A remote ' unit at point 303 may 
communicate through sector 300A and sector 300B. A remote unit at 
25 point 304 communicates through sector 300B. As a remote "unit moves past 
the edge of the sector, communication through that sector may degrade A 
remote unit operating in soft haridoff mode between the base station in 
FIG. 1 and an unshown neighboring base station is likely to be located near 
tiie edge of one of the sectors. • K:-,x 'o/- - 

30 FIG. 2 illustrates an exemplary embodiment of a standard cellular 

system showing three single, sectored base stations 362, 364, and 368. In 
FIG. 2, each of antennas 310, 326, and 344 k the receive antenna for base 
station 362, 364, or 368 respectively. Base stations 362, 364, and 368 are in 
proximity to one another and antennas 310, 326, and 344 have overlapping 
35 coverage areas such that a single remote unit signal may be in soft handoff 
with all three base stations at one time. 
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Antennas 310, 326, and 344 supply a receive signal to receive 
processings 312; 328, and 346 respectively. Receive processings 312, 328, 
and 346 process the RF signal and convert the signal to digital bits. Receive 
processings 312, 328, and 346 may also filter the digital bits. Receive 
processing 312 provides the filtered digital bits to demodulation 
elements 316A - 316N. Receive processing 328 provides the filtered digital 
bits to demodulation elements 332A - 332N; Likewise, receive 
processing 346 provides the filtered digital bits to demodulation 
elements 350A - 350N. 

Demodulation elements 316A - 316N are controlled by controller 318 
through interconnection 320. Controller 318 assigns demodulation 
elements 316A - 316N to one of the instances of information signal from the 
same remote unit as perceived by base station 362. The distinct instances of 
the signal may be created due to the multipath characteristics of the 
environment. Demodulation elements 316 A - 316N produce data 
bits 322A - 322N that are combined in symbol combiner 324. The output of 
symbol combiner 324 may be aggregate soft decision data suitable for Viterbi 
decoding. The combined data is decoded by decoder 314 and output as 
Message 1 and passed to - cellular ; or personal communications system 
controller 370. - 

A power adjustment command from base station 362 for the remote 
unit is created by controller 318 from the combined signal strength of all the 
signals demodulated by demodulation elements 316A - 316N. Controller 318 
can pass the power control information to the transmit circuitry (not shown) 
of base station 362 to be relayed to the remote unit 

Demodulation elements 332A - 332N are controlled by controller 334 
through interconnection 336. Controller 334 assigns demodulation 
elements 332A - 332N to one of the instances of information signals from 
the same remote unit. Demodulation elements 332A - 332N produce data 
bits 338A - 338N that are combined in symbol combiner 340. The output of 
symbol combiner 340 maybe aggregate soft decision data suitable for Viterbi 
decoding. The combined data is decoded by decoder 342 and output as 
Message 2 and passed to cellular or personal communications system 
controller 370. 

A power adjustment command for the remote unit is created by 
controller 334 from the combined signal strength of all the signals 
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demodulated by demodulation elements 332A - 332N. Controller 334 can 
pass the power control information to the transmit circuitry (not shown) of 
base station 364 to be relayed to the remote unit. 

Demodulation elements 350A - 350N are controlled by controller 352 
through mterconnection 354. Controller 352 assigns demodulation 
elements 350A - 350N to one of the instances of information signals from 
the same remote- unit as perceived by base station 368. Demodulation 
elements 350A - 350N produce data bits 356A - 356N that are combined in 
symbol combiner 358. The output of symbol combiner may be aggregate soft 
decision date suitable for Viterbi decoding. The combined data is decoded by 
decoder 360 and the output as Message 3 and passed to cellular or personal 
communications system controller 370. ". 

; t A power adjustment command for the remote tinit is "created by 
controller, 352 from the * estimated signal strengths of all the signals 
demodulated by demodulation elements 350A - 350N . Controller 352 can 
pass the power control information to the transmit circuitry (hot shown) of 
base station 368 to be relayed to the remote unit. ^ , : - 

, : For each remote unit operating in soft handbff in the system/ cellular 
or personal communication system controller 370 receives decoded data 
horn at least two base stations. For example; "in FIG. 2 cellular or personal 
communications system controller 370 receives decoded ciata in the form of 
Messages 1,: 2, and 3 from the common* remote unit from base 
stations 362; 364, and 368 respectively. The decoded data cannot be combined 
to yield the great advantage that: is achieved by combining the data prior to 
decoding. Therefore typically cellular or personal communication system 
controller 370 does not combine the decoded data from each base station and 
instead selects one of the three decoded data Messages 1, 2, of 3 having the 
highest signal quality index and discards the other two. In FIG. 2 selector 372 
performs- the selection; process on a frame by frame basis and provides the 
result to a vocoder or other data processing unit. More information about 
the selection process can be found in co-pending U.S. Patent Application 
Serial No. 08/519,670 entitled "COMMUNICATION SYSTEM USING 
REPEATED DATA SELECTION" filed August 25, 1995 and assigned to the 
assignee of the present invention. 

The reason the combined but undecoded data output from symbol 
combiners 324, 340/ and 358 is not sent respectively from base 
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stations 362, 364, and 368 to system controller 370 is that the demodulation 
process produces data at a very high rate- A large block of data is used in the 
decoding process to produce the decoded symbol. The ratio of the amount of 
data necessary to decode a data symbol and the amount of data to specify a 
5 decoded symbol and quality index can be as high as 1000 to 1. In addition to 
the complexity, the inherent delay of transporting such large amounts of 
data is prohibitive unless a very high speed link is used- Thus the 
interconnection system between the hundreds of base stations in the system 
(most of which are not shown in FIG. 2) and system controller 370 is greatly 

10 simplified by sending only the decoded data and quality indications instead 
of the undecoded data suitable for combination. 

Besides the complexity of transmitting the large amount of data 
associated with combined but undecoded data, the cost is also prohibitive. 
Typically the base stations of a system are remotely located from the system 

15 controller. The path from the base stations to the system control typically 
comprises a leased line such as a Tl interface line. The cost of these lines is 
largely determined by the amount of data that they carry. Thus increasing 
the amount of data that is transmitted from the base stations to the system 
controller can be cost prohibitive as well as technically difficult. 

20 In a less than optimal system the selection method of soft handoff 

described with respect to FIG. 2 could be directly applied to a sectorized base 
station by treating each sector of a common base station as a separate, 
independent base station. Each sector of the base station could conibine and 
decode multipath signals from a common remote unit. ~ The decoded data 

25 could be sent directly to the cellular or personal communication system 
controller by each sector of the base station or it could be compared and 
selected at the base station and the result sent to the cellular or personal 
communication system controller. But a much more advantageous method 
of handling handoff between sectors of a common base station is to use 

30 softer handoff as described in the above mentioned U.S. Patent Application 
Serial No. 08/144,903. Circuitry for providing softer handoff is described in 
conjunction with FIG. 3. 

In FIG. 3, each of antennas 222A - 222C is the receive antenna for one 
sector and each of antennas 230 A - 230C is the transmit antenna for one 

35 sector. Antenna 222A and antenna 230A correspond to a common coverage 
area and can ideally have the same antenna pattern. Likewise 
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antennas 222B and 230B, and antennas 222C and 230C correspond to 
common coverage areas respectfully.- FIG. 3 represents a "typical base station 
in that antennas 222A - 222C have overlapping coverage areas such mat a 
single remote unit signal may be present' at more than one antenna at a 
time. Antennas 222A - 222C may provide antenna - patterns as shown in 
FIG. 1 or one or more of antennas 222A - 222C may be distributed antennas. 

-. Referring again to FIG. 3, antennas 222A, 222B", and 222C supply the 
received, signal to receive processings 224A, 224B, and 224C respectively. 
Receive processings 224A,224B, and 224C process the RF signal and convert 
the signal to. digital bits. Receive processings 224A, 224B> and 224C may filter 
the digital bits and provide the resulting digital bits to interface port 226. 
Interface port;226 may connect any of the three incoming signal paths to any 
of the /.. demodulation elements 204A - 204N under - the control of 
controller 200. through inter connection 212* " ^ ■ ? f ;. > 

• ;.. Demodulation elements 204A -204N are controlled by controller 200 
through ; : interconnection 212. Controller 200 assigns demodulation 
t elementS;204A -204N to one of the instances of information signals from a 
single o remote unit from any - one of the sectors. Demodulation 
elements 204A - 204N produce data bits 220A - 220N each representing an 
estimate of the data from the single remote unit Data bits 220A - 220N are 
combined in symbol combiner 208 to produce a single estimate of the data 
from the remote unit The output, of symbol combiner 208 may be aggregate 
soft decision data suitable for Viterbi decoding? the combined symbols are 
passed to decoder 228. : 

Demodulation elements 204A - 204N also provide several output 
control signals to controller 200 through mterconnection 212. - The 
information passed to controller 200 includes an estimate of the signal 
strength of the signal assigned to a particular demodulation element. Each 
one of demodulation elements 204A - 204N measures a signal strength 
estimation of the signal that it is demodulating and provides the estimation 
to controller 200. 

Notice that symbol combiner 208 can combine signals from just one 
sector to produce an output or it can combine symbols from multiple sectors 
as selected by the interface port 226. A single power control command is 
created by controller 200 from the estimated signal strengths from all the 
sectors through which the signal is received. Controller 200 can pass the 
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power control information to the transmit circuitry of each sector of the base 
station. Thus each sector in the base station transmits the same power 
control information to a single remote unit. 

When symbol combiner 208 is combining signals from a remote unit 
5 that is communicating through more than one sector, the remote unit is in 
softer handoff. The base station may send the output of decoder 228 to a 
cellular, or personal communication system controller. At the cellular or 
personal communication system controller, signals corresponding to the 
remote unit from this base station and from other base stations may be used 

10 to produce a single output using the selection process described above. 

The transmit processing shown in FIG. 3 receives a message for a 
remote unit from the end user through the cellular or personal 
communication system controller. The message can be sent on one or more 
of antennas 230A - 230C. Interface port 236 connects the message for the 

15 remote unit to one or more of modulation elements 234 A - 234C as set by 
controller 200. Modulation elements 234A - 234C modulate the message for 
the remote unit with the appropriate PN code. The modulated data from 
modulation elements 234A - 234C is passed to transmit 
processing 232A - 232C respectively. Transmit processings 232A - 232C 

20 convert the message to an RF frequency and transmit the signal at an 
appropriate signal level through antennas 230 A - 230C respectively. Notice 
that interface port 236 and interface port 226 operate independently in that 
receiving a signal from a particular remote unit through one of 
antennas 222A - 222C does not necessarily mean that the corresponding 

25 transmit antenna 230A - 230C is transmitting a signal to the particular 
remote unit Also note that the power control command sent through each 
antenna is the same, thus. sector diversity from a common base station is not 
critical for the optimal power control performance. "* These advantages are 
further exploited to the advantage of the system in the above mentioned 

30 U.S. Patent application serial Nos. 08/144,901 and 08/316,155 through a 
process referred to as transmit gating. 

Besides the complexities of power control noted above, the process of 
power control becomes .more complicated when soft handoff between two or 
more base station is attempted when the two base stations are controlled by 

35 different switches. The process of breathing also complicates traditional 
power control mechanism. The present invention is a method and 
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apparatus for providing power control administration through a set of base 
stations that are breathing and that may be controlled by a different switch. 

SUMMARY OF THE INVENTION 

A centralized power control method and apparatus provides centrally 
controlled power control to a set of base stations. The centrally controUed 
power control is controUed by the radio link manager (RLM). Each base 
s ^ on wi * 1 which a remote unit has established a traffic channel sends a 
packet corresponding to each reverse traffic frame to a selector. Fbr each 
frame, die packet comprises an erasure indication bit (EIB) 'when available 
that indicates . whether .the last forward, link frame received by the remote 
unit was decoded as an erasure. The RLM executes me forward link power 
control calculation system and produces one result per frame. The result per 
frame is me desired ratio of the ; traffic channel gain to the pilot channel gain, 
Grc/Gpuot. The resultant ratio is transmitted . to-all base stations having 
. .established communication .with the remote unit. 
;»2 i , The present invention also- centralizes me administration of the 
reverse link power .control. In the preferred > embodiment, the- RLM 
calculates an aggregate frame error rate (FER) at the; output of the selection 
process. The RLM calculates the absolute reverse threshold value then 
fonvard$ it to eadi base statkm^with whidvactive communication with the 
. remote unit is established. . The reverse threshold value can be Warded on 
a frame by frame basis. t . . - 

■ BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects, and advantages of the present invention will 
become more apparent from the detailed description set forth below when 
taken in conjunction with the drawings in which like reference characters 
identify correspondingly throughout and wherein: • 

- HG 1 s* 10 ^ an antenna pattern of; a typical three sectored base 
station; 

HG. 2 illustrates an exemplary, embodiment of a standard cellular 
35 system showing, three single sectored base stations; 

HG. 3 iUustrates an exemplary embodiment of a three sectored base 
station of a standard cellular system; ,, 

HG. 4 shows an exemplary CDMA communication system comprised 
of two different operating regions each controUed by a different switch; and 
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FIG. 5 shows an exemplary CDMA communication system comprised 
of two different operating regions both controlled by the same switch/ 

DETAILED DESCRIPTION OF THE PREFERRED 
5 EMBODIMENTS 

FIG. 4 shows an exemplary wireless code division multiple access 
(CDMA) communication system comprised of two different operating 
regions each controlled by a different switch. Operating region 36 is 

10 controlled by switch 32 that connects the wireless communication system 
with the public switch telephone network (PSTN). Operating region 38 is 
controlled by switch 34 that connects the wireless communication system 
with the public switch telephone network (PSTN). Operating region 36 is 
comprised of a number of base stations only two of which are shown in 

15 FIG. 4 as base stations 14 and 16. CDMA interconnect subsystem (OS) 6 
provides an interconnect mechanism between the base stations of operating 
region 36 and a bank of selectors as well as other devices that are not shown 
in FIG. 4. In particular CIS 6 provides a connection between the base stations 
that may establish connection with remote unit 10 and selector 24 that 

20 processes the call signal corresponding to remote unit 10. 

When remote unit 10 has established an active traffic channel 
communication link through only base station 14, base station 14 passes 
decoded frame data to selector 24 through CIS 6. Selector 24 comprises a 
vocoder that converts the vocoded frames into pulse code modulated (PCM) 

25 data and passes the PCM data to switch 32. The data packets arriving from 
base station 14 at selector 24 may also comprise information about the radio 
wireless link between base station 14 and remote unit 10. Selector 24 passes 
information about the wireless link to radio link manager (RLM) 22. 

PCM encoded data from the PSTN intended for remote unit 10 is 

30 passed from switch 32 to selector 24. The PCM data is converted to vocoder 
frame data by selector 24. The vocoded frames are passed to base station 14 
though CIS 6. RLM 22 may append control data to the vocoded frames. 
Remote unit 10 may be a vehicle based telephone, a hand-held portable unit, 
a PCS unit, or a fixed location wireless local loop unit or any other 

35 conforming voice or data communication device. 

Within operating region 36, RLM 22 controls the air interface of the 
wireless link between remote unit 10 and whichever base stations have 
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established active communication with remote unit 10. In the present 
invention one of the main functions of RLM 22 is to control the operation 
of both the forward and reverse link power control functions/ Forward link 
power control operates by controlling the level at which the base stations 
transmit the forward link; traffic channel signal to the remote unit based on 
the forward link performance as measured by the remote unit. Reverse link 
power control operates by controlling the level at which the remote unit 
transmits the reverse, link traffic channel signal to the base station based on 
. the reverse link, performances - ^ . , ; 

The remote;unit may.measure the ^ foi^ard link peiformluice by any 
one of several methods such as by issuing periodic ^ measurement of a bit 
energy to noise power density (Eb/No) or By sending Vxhosage each time 
the number of frames decoded as an erasure exceeds a threshold. In the 
preferred: embodiment,, the forward link power controP iiiformation from 
tire remote unit - is in . accordance with "Mobile Station-Base Station 
Compatibility Standard for Dual-Mode Wideband Spread Sp^tium Cellular 
System/ T1A/EIA/IS-95, generally referred ta simply as JS-95.^Ih IS-95 the 
remote unit is r^OTed to as a mobile station. : ; iv^~ 

Under IS-95, when the base station enables : forward traffic channel 
power control, the remote unit reports frame error rate (FER) statistics to the 
base statioit using a Power Measurement Report Message: The base station 
may enable periodic, reporting that causes the remote unit to report frame 
error rate statistic^ at specified intervals. The base station may also enable 
threshold reporting Which causes the remote unit* to report frame error rate 
statistics when the frame error rate, reaches a specified threshold. According 
to IS-95 at section ^7.6.41.1, the base station may use the reported frame error 
rate statistics to adjust the transmit power ^ on the forward traffic channel. 
The notable fact is that IS-95 does not specify the naanner in which the base 
station operates the forward link power control based on the frame error 
rates therefore individual manufactures of base station equipment are free 
to design different methods for controlling the forward link power control. 

In the preferred embodiment, the forward link power control 
information from the. remote unit may also be in accordance with "Personal 
Station-Base Station Compatibility Requirements for 1.8 to 2.0 GHz Code 
Division Multiple Access (CDMA) Personal Communication Systems" 
ANSI J-STI>008, generally referred to as J-Standard 8, or in accordance with 
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-Mobile Station-Base Station Compatibility Standard for Dual-Mode 
Wideband Spread Spectrum Cellular Systems + Telecommunication 
Systems Bulletin: Support for 14.4 kbps Data Rate and PCS Interaction for 
Wideband Spread Spectrum Cellular Systems" TIA/EIA/IS-95-A + TSB74, 
generally referred to simply as IS-95-A. In IS-95A, the remote unit is referred 
to as a mobile station. In J-Standard 8, the remote unit is referred as a 
personal station. - 

Under IS-95-A and J-Standard 8, the remote unit may operate in one 
of two modes. The first mode is based on the operation of the remote unit 
under the IS-95 standard and is referred to as Rate Set 1. The second form of 
operation is based on operation at a different set of data rates and is referred 
to as the Rate Set 2. The Rate Set 2 data rates are higher than the Rate Set 1 
data rates. When the remote unit is operating in Rate Set 2, each frame 
transmitted on the reverse link comprises an Erasure Indicator Bit (EIB). 
The EIB is set to T following reception of a forward link frame that is 
decoded as an erasure. In all other cases the . EIB is set to U' Table I shows 
the number of information bits per frame for the four possible data rates of 
each of the two rate sets. An erasure on the reverse traffic channel provides 
no information bits. 



Rate 
Set 


Data Rate 
Name 


Transmission Rate . 
. (bps) 


Information bits/frame 


1 


full 


,9600- 


172 


half 


4800 


80 


quarter 


2400 


40 


eighth . 


1200 


16 


2 


... full 


14400 


267 


half 


7200 


125 


. quarter 


3600 


• 55 


eighth 


1800 


21 



Table I 



In a common prior art mechanism for controlling the forward link 
power level, each base station determines the absolute value of the forward 
link power; level of each traffic channel signal individually without 
reference to the level used by the other base stations with which the remote 
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unit may be in communication. A typical system in the prior art 
- configuration compares the FER reported by the remote unit to a threshold 
and updates the power level of the corresponding traffic channel signal such 
that the FER remains slightly above the threshold. : 
5 . Typically in the prior art configuration; the radio link manager such 

as RLM 22 of FIG. 4 has control of the threshold value! Thus if a remote 
'super user' is guaranteed lower FER than other system users, the threshold 
can be changed by sending a message from the" radia link manager to each 
base station that has established 'communication with the remote unit. 
y 10 % > Note that when the remote unit is iri hahdoff, it measures the FER 
based on the total aggregate signal created from combining a^ number of 
multipath signals from a plurality of base stations in a mariner very similar 
: to the manner described in relation to a sector of a base' station in FIG." 2. The 
¥ difference between the base station demodulation and decoding operation 
15 and- the remote unit demodulation and deccxling operation is that the 
remote unit receives signals from two different sources during ? handoff 
while the base station simply receives a plurality of mxiltipath signal 
^ ^ propagations from the same remote unit whether or not the remote unit is 
r ; in handoff . The remote unit combines - the v outpuFof 
20 elements based on the relative signal strength of : the : piibt- signals 
: corresponding to each multipath instance of Ae sigriaP regiu'dless of which 
. base station provided the signal. Thus under IS-95^ the remote unit makes 
: one FER measurement based on the^ aggregate decoded signal and transmits 
the FER measurement to each base Station with which the remote unit is in 
25 communication. Under IS-95-A and J-Standard 8, the remote unit may 
simply said the EIB with each frame based on the aggregate signal rather 
than the FER measurement. 

Each base station with which the remote unit' is in communication 
compares/ the FER to a threshold and either raises, lowers, or leaves 
30 unaltered, the transmit power level of the corresponding forward link traffic 
channel. Note the disadvantage of such a system. Even though each base 
station may be using the same method of calculation and the same 
threshold, two base stations equally advantageously positioned to service the 
remote unit may be transmitting the signal to the remote unit at different 
35 levels. The different levels result because the absolute power level of the 
output of each base station depends on the initial value at which the system 
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of calculation begins operation. As the remote unit travels through the 
operating region, handoffs begin at random intervals and the initial absolute 
value of the traffic channel power level of a newly added base station is not 
tied in any way to the traffic channel power level used by the other base 
5 stations with which the remote unit is already in communication. Suppose 
the remote unit is already operating at the proper FER when the new base 
station is added. If the initial traffic channel power level of the newly added 
base station is low, the effect of the signal power of the newly added base 
station on the FER at the remote unit is minimal. Because the FER at the 

10 remote unit is already acceptable, the transmit power from the newly added 
base station remains at the initial value. Thus if the original base station is 
equally advantageously positioned relative to the newly added base station 
and the original base station is transmitting at a higher power level than the 
initial value used by the newly added base station, the transmit power of 

15 both base stations remains at a constant but different value. Thus two base 
stations in equally advantageous positions with respect to a remote unit may 
be providing die traffic channel signal at two different absolute power levels. 
From a system perspective, such unbalanced operation induces undue 
interference to other remote units from the base station transmitting the 

20 highest, signal. 

Also even though the two traffic channels have different values, if 
the base stations are equal advantageously positioned to service the remote 
. . . unit, the pilot signal strength of each base station is the same as measured by 
the remote unit In the remote unit, combining occurs based on the relative 
25 signal strength of the pilot signals. The combining process operates in a 
suboptimal fashion when it combines the unequally powerful traffic 
channel signals based on equally powerful pilot signals . 

Also for the reasons noted above, it is important that the relative 
power transmitted by each sector is properly controlled so that the handoff 
boundaries remain properly aligned between the base stations. Balancing is 
accomplished by the process of "base station breathing." During the process 
of base station breathing as detailed in above mentioned U.S, Patent 

No - —r the total output power of a base station is controlled based 

on the total received power. Because the breathing process operates on the 
35 aggregate output power of the base station, the 'absolute value' produced by 
the power control mechanism for any one traffic channel is only an estimate 
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of the level actually transmitted by the base station. Due to the overriding 
effect of breathing, the same 'absolute value' returned by the power control 
mechanism reflects* different actual transmit power levels over time 
depending on the loading of the base station. ■ • - - • ; ' v 

- Another disadvantage of this system is that an expansive 
communication' system may comprise base stations- having a variety of 
different maximum signal levels. For example, a large base station may be 
capable of transmitting at a total of 20 Watts while smaller base stations 
providing service, to smaller coverage areas may transmit only 1 Watt or a 
fraction of a . Watt ; Thus the system of calculation generating 'absolute' 
levels becomes even more ambiguous. > "•■''•* 

The more advantageous scheme of the present invention avoids the 
^disadvantages of the prior art scheme by centralizing the power control 
mechanism to provide uniform power control relative to the pilot signal 
strength throughout the system. - v; - .*.*■-■ 

As noted above, the power of the aggregate forward link CDMA signal 
transmitted from each base station is a function- of the number iid relative 
power of the : signals that are combined to create the aggregate forward link 
signal For example the aggregate forward link signal may. comprise a paging 
channel, a pilot signal, a sync channel and a plurality of traffic' channels. 
.Therefore,, each sector in the system has an independent 'aggregate signal 
strength based on the number and relative signal strength and data rate of 
each signal that it transmits. In me preferred embodiment, each modulation 
element generating a forward linksignal outputs a digital signal indicative 
of the signal level it is providing. The output indication of each modulation 
element is added to the others. In this way an indication of the aggregate 
signal level; is created. A* method and apparatus for creating a forward link 
gain signal indicative of an aggregate signal strength are detailed in U.S. 
Patent Application Serial No. 08/525,899, filed September 8, 1995, entitled 
"APPARATUS AND METHOD FOR CONTROLLING TRANSMISSION 
POWER IN A CELLULAR COMMUNICATIONS SYSTEM" assigned to the 
assignee of the present invention. 

In such a power control scheme, it is simple to set the power of each 
traffic channel signal relative to the pilot signal transmitted from mat base 
station. For example, if the base station is provided with a ratio of traffic 
channel gain (G Tc ) to pilot channel gain (G pUo t), the base station merely takes 
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the ratio that it is given and multiplies it times the pilot channel power to 
produced the calculated value of the traffic channel power. Thus the base 
station does not execute a power control algorithm but merely multiplies 
the ratio time the pilot signal power it is transmitting. 
5 In the present invention, the centralized power control is controlled 

by the RUM. The ELM executes the power control calculation system. 
Referring again to FIG. 4, each base station in operating region 36 with which 
remote unit 10 has established a traffic channel sends to selector 24 a packet 
corresponding to each frame. The packet comprises the fate set currently 
10 being used, a sequence number for aligning data from multiple base stations, 
and the data rate corresponding to the frame. If the corresponding frame is 
operating in Rate Set 1, the remote unit repeatedly sends messages 
comprising the FER. If the corresponding frame is operating in Rate Set 2, 
the EIB is included. 

15 If the remote unit is operating in Rate Set % selector 24 passes the FER 

information to RLM 22., RLM 22 executes the forward link power control 
calculation, system and produces one result per frame. The result per frame 
is the desired ratio of Grc/GpUot- The desired ratio is transmitted to tile base 
stations, having established communication with remote unit 10. The FER 

20 measurements made by the remote unit are actually an average of the FER 
oyer a set of frames. Therefore an inherent delay lurks in such a power 
control system. 

If the remote unit is operating in. Rate Set 2, selector 24 passes the EIB 
. information to RLM 22. RLM 22 executes the forward link power control 
25 calculation and produces one result per frame. The result per frame is again 
the desired ratio of Grc/GpUot- The resultant ratio is transmitted to thie base 
stations having established communication with remote unit 10. The EIB is 
, ; sent from the remote unit on a frame by frame basis. Therefore the inherent 
delay of the FER measurement is eliminated! Another advantage of the EIB 
30 is that it is only one bit in length and therefore allows for more efficient bit 
allocation within the packets. 

An advantage of the present invention is that the capacity of the 
overall system can be controlled. The selected minimum operating FER also 
sets the capacity of the system. If higher FER rates are used, the same system 
35 can accommodate more users hence higher capacity than if lower FER rates 
are used. Because the FER of die system is centrally controlled, the FER of 
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the entire system can be controlled by changing the system of calculation 
used by the RLM. In this manner during periods of high traffic, the 
corresponding FER in the area can be temporarily increased to accommodate 
more users at the expense of the signal quality of all users. 
5, Also, using the present invention it is simple to change the operating 

point of one base station with respect to the others: For example, due to 
poor network planning, a base station may not provide the desired coverage 
area. Or a base station can be temporarily disadvantaged, for instance, if an 
antenna of the base station is damaged. The Gj c /G p ^ could be increased as 

10 compared to surrounding base station to increase the relative performance 
of the base station and to lower the reliance on the signal from surrounding 
base stations at the remote unit * . V. 

Another great advantage of the present invention is that the gain of 
each frame can be individually adjusted. Suppose die relative importance of 

15 a frame is much greater than the other frames in a sequence; For example, if 
one frame comprises an indication of a hard handoff to an alternate system, 
it is imperative that the remote unit receive the message or the connection 
may be dropped. It may be advantageous to increase the relative power at 
which such a message is supplied to the remote unit to ensure reception. In 

20 the present invention, increasing the power for" a specific frame or set of 
frames is relatively easy. The RLM increases the ratio of C^c/GpUot 
corresponding, to the critical frames and returns the ratio of Grc/Gpiiot to a 
normal operating level upon completion of the critical frames. 

.When each base station is transmitting the traffic channel at the same 

25 relative level as compared to the pilot signal that it is transmitting, the 
problem of equally advantageously positioned - base station providing 
different signal levels to the remote unit is eliminated: It also solves the 
problem of suboptimal combining within the remote unit because the traffic 
channel and pilot channel gains have a constant ratio from base station to 

30 base station. The processes of breathing and blossoming also merge well 
with the present invention because both breathing and blossoming operate 
on the aggregate transmit power of the base station thus leaving unaltered 
the ratio of the traffic channel to the pilot channel gain. 

Centralized power control is also greatly advantageous to the reverse 

35 link power control operation. FIG. 2 shows a typical configuration in which 
base stations 362, 364, and 368 supply frames of vocoder data to selector 372. 
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In the preferred embodiment, FIG. 4 incorporates the details shown in 
FIG. 2. In FIG. 4 the process of selection is executed by selector 24 which in 
the preferred embodiment is in accordance with above mentioned U.S. 
Patent Application Serial No. 08/519,670. 
5 Each base station with which remote unit 10 is in communication 

provides to selector 24 for each frame a data packet comprising the estimated 
data rate, the estimated data, and a confidence factor. Selector 24 chooses the 
frame with the highest confidence factor and passes it to a vocoder. 
Selector 24 discards the rest of the estimated data it receives. The error rate 

10 at the output of selector 24 is calculated. Because when the remote unit is in 
soft handoff there is more than one base station providing data to the 
selection process, the input FER from each individual base station can 
greatly exceed the desired resultant FER at the output of the selection 
process. For example, in a typical CDMA system, if there are three base 

15 stations supplying frames to the selection process, each base station can have 
an FER as high as 30% and still yield a desired 1% FER at the output of the 
selection process. Typically the FER from each base station is different from 
the others in that the base station receiving the remote unit signal at the 
■ most favorable Eb/No exhibits the lowest average FER. 

20 The power control on the reverse link is set by the transmit power 

level of the reverse link signal from the remote unit as controlled by each 
base station with which the remote unit is in communication. Each base 
station combines the multipath signals that it receives. If the base station is 
capable of softer handoff, the base station also may combine the signals from 

25 different sectors to form one signal for input into a decoder. The decoder 
receives the aggregate demodulated data and attempts to determine the data 
rate at which the signal was encoded by the remote unit, an estimate of the 
actual data, and a confidence factor. The confidence factor reflects the 
confidence with which the decoder chooses the estimated data. More 

30 information on the operation of such a decoder can be f ound in copending 
VS. Patent Application Serial No. 08/233,570 entitled "METHOD AND 
APPARATUS FOR DETERMINING DATA RATE OF TRANSMITTED 
VARIABLE RATE DATE IN A COMMUNICATIONS RECEIVER," filed 
April 26, 1994 and assigned to the assignee of the present invention. 

35 At the output of the decoder at each base station, an FER can be 

calculated. The prior art reverse link power control loop compares the FER 
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to a threshold on a frame by frame basis. If the FER exceeds the threshold 
FER, the base station sends the remote unit a command to increase its 
transmit power level; If the FER is lower man the threshold FER, the base 
station sends the remote unit a command to decrease its transmit power 
5 level. . The remote unit increases its transmit signal level- Only if every base 
station with which the remote unit is in communication requests an 
increase in power level. The remote unit decrease's its transmit signal level 
if any base station with which the remote unit is in communication requests 
a decrease in power leveL Typically one base station with which the remote 
10 unit is communicating has the most advantageous path tb me Wiote unit. 
The other base stations are likely to be continually, requesting an increase in 
power level from the remote unit When the most advantageously 
connected base station requests an increase along with the 'others, the remote 
, unite increases its transmit power. » Therefore, during normal handoff 
15 operation, the most advantageously connected base station is the base station 
■ that actually controls the output' power of me remote unit; ' 

like the forward link prior art mechanism, in the prior - art reverse 
link power control : mechanism the tiireshold FER comparison value is 
s. controlled by RLM 22. RLM 22 sends each 1 base station a command to either 
20 increase or decreaseiihe value of the thresholds it is usmg based on the 
aggregate FER at the output of the selection process. Like the forward link 
prior art power control mechanism, even if each base station is operating 
using the same algorithm, the threshold values can differ from base station 
to base station because the base stations do not begin operation of the 
25 calculation system at the same time nor are they linked together in any way 
to unify the tiireshold values:' Therefore, two base stations receiving a 
remote unit signal with equal FER may be comparing the FER to different 
thresholds. ; The base station comparing the remote unit signal to the higher 
FER threshold is the base station actually controlling^ the remote unit power 
30 level. The base station with the lower FER threshold may be continually 
commanding the remote unit to increase its transmit power level but the 
remote unit does not act upon these commands so long as at least one other 
base station does not request an increase in transmit power level. As along 
as the aggregate FER at the output of the selection process is acceptable, the 
35 RLM does not change in the tiireshold value at either base station. 
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The problem with such a configuration occurs when the base station 
with the higher FER threshold that is actually controlling the power level of 
the remote unit to the proper level loses contact with the remote unit. The 
base station that is using the lower FER threshold now begins to control the 
5 operation of the remote unit. Thus the remote unit begins to increase its 
transmit power. However, typically the increase in power is unneeded 
because the remote unit is already operating to produce the proper FER at 
the output of the selector. Thus the remote unit increases its transmit 
power unduly until the RLM threshold control loop senses the undue 

10 decrease in FER and increases . the FER threshold at all base stations 
including the offending base station. Until the FER threshold is increased 
and the reverse link power control loop responds, the remote unit is causing 
undue interference to, and hence higher error rates from, the other remote 
units operating yvithin the system. If the threshold at the offending base 

15 station is quite high compared to the desired threshold FER, the response 
time of the loop can have a significant duration. Such suboptimal power 
control operation decreases the overall capacity of the system. 

To alleviate this problem, the present invention again moves the 
power control mechanism to the RLM. In the preferred embodiment, 

20 RLM 22 calculates the aggregate FER at the output of the selection process. 
The aggregate FER is input into a system that calculates an absolute reverse 
threshold value to be used by each base station with which active 
communication with remote unit 10 is established. Again the reverse 
threshold value can be forwarded on a frame by frame basis. Note that the 

25 information forwarded to selector 24 and RLM 22 is the same in the prior art 
implementation and the present invention. Another advantage of the 
present invention is that the capacity of file overall system can be controlled. 
The selected minimum operating FER also sets the capacity of the system. If 
higher FER rates are used, the same system can accommodate more users 

30 hence higher capacity than if lower FER rates are used. Because the FER of 
the system is controlled by the system of calculation, the FER of the entire 
system can be controlled by changing the system of calculation used by the 
RIP. In this manner during time of high traffic, the corresponding FER in 
the area. can be temporarily increased, to accommodate more users at the 

35 expense of the signal quality of all users. 
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.. The base stations, may' calculate an FER of the decoded frames from 
die remote unit and compare the result to a reverse threshold provided in 
terms of an absolute FER. Notice, however;- that the absolute reverse 
threshold need not take the form of anFER threshold. For example/ in the 
preferred embodiment, the reverse threshold is the ratio of me energy in a 
demodulated Walsh symbol produced by the corresponding remote unit and 
the total power spectral density on the RF channel. Any measure of reverse 
link performance could be used. r 

If each; base station, in- the system is ' operating using the reverse 
threshold and communication- between one of the base stations is lost; the 
remaining base station immediately begins to provide valid power control 
commands to the remote unit. In this way, suboptimal power control 'does 
not result and, the overall- capacity of the system is maintained. • 

Another advantage is mat as new base stations begin communication 
with the remote unit,, the proper operating level is forward directly to those 
base stations.- In, the prior art method, there is an inherent delay between the 
time that a new base station begins to communicate with the remote unit 
and the time that the base station has tracked onto " the proper reverse 
threshold at which the reverse link should operate.- - In the present 
invention the absolute and proper value '-is transferred to the remote unit 
immediately when operation is begun. ~ - - ' 

The; elegance of centralized . power control becomes even more 
apparent when intersystem operation is attempted. Referring again to 
FIG. 4, operating, region 38 represents a second system. Operating region 38 
may be operated by a different carrier. Operating region 38 may be comprised 
of equipment manufactured by a different company and operating in a 
different manner than, the equipment of operating region 36. 

Operating region 38 is comprised of a number of base stations only 
two of which are shown in FIG. 4 as base stations 18 and 20. CDMA 
interconnect subsystem (CIS) 8 provides an interconnection mechanism 
between the base stations of operating region 38 and a bank of selectors as 
well as other devices that are not shown in FIG. 4. In particular CIS 8 
provides a connection between the base stations that may establish a 
connection with remote unit 12 and selector 28 that may process the call 
signal corresponding to remote unit 12. 



WO 97734439 



PCT/US97/03957 



32 

When remote unit 12 has established an active traffic channel 
communication through only base station 18, base station 18 passes decoded 
frame data to selector 28 through CIS 8. Selector 28 comprises a vocoder that 
converts the vocoded frames into pulse code modulated (PCM) data and 
passes the PCM data to switch 34. The data packets from base station 18 
arriving at selector 28 may also comprise information about the radio 
wireless link between base station 18 and remote unit 12. Selector 28 passes 
information about the wireless link to radio link manager (RLM) 26. 

PCM encoded data is passed from switch 34 to selector 28. The PCM 
data is converted to vocoded frame data within selector 28. The vocoded 
frames are passed to base station 18 though CIS 8. RLM 26 may append radio 
link control data to the vocoded frames. 

Remote unit 12 operates in the same manner as remote unit 10 which 
in the preferred embodiment may be in accordance with either IS-95, J- 
Standard 8, IS-95-A or other standard. Remote unit 12 may be a vehicle 
based telephone, a hand-held, portable unit, a PCS unit/ or a fixed location 
wireless local loop unit or any other conforming voice or data 
communication device. 

When operating solely within region 38, RLM 26 controls the air 
interface between remote unit 12 and whichever base stations have 
established active communication with remote unit 12. Again one of the 
main functions of RLM 26 is to control the operation of both the forward 
and reverse link power control functions. 

Intersystem operation begins when remote unit 12 is in active 
communication with base station 18 of operating region 38 and approaches 
operating region 36. As remote unit 12 enters the coverage area of base 
station 16, remote unit 12 notifies base station 18. At this point, in an ideal 
system, remote unit 12 enters soft handoff between base station 16 and base 
station 18. However, soft handoff between base stations of different 
operating regions presents some difficulties. 

The first difficulty is that CIS 8 is not connected directly to base 
station 16. This difficulty can be overcome by one of several methods. 
EIA/T1A/IS-41C entitled "Cellular Radio Intersystem Operations" 
commonly referred to as 75-42. IS-41 defines a standard for communication 
between switches of different operating regions to support hard handoff. 
IS-41 does not currently provide a protocol for supporting intersystem soft 
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handoff. In one embodiment, the necessary information from remote 
unit 12 may be passed from base station 16 to CIS 6 through selector 24 to 
switch 32. From switch 32 the information is passed to switch 34 using an 
IS-41 type connection or .other connection. From switch 34, the information 
5 t can be passed to selector 28. A reverse path mirroring the just described path 
carries the information from selector 28 back to base station 16 for 
transmission .to remote unit 10. the protracted nature of the 
switch-to-switch connection may cause undue delay and may sacrifice 
undue resources. t. 3... 

. A second connection method, is illustrated in FIG. 5. EIA/TLA/IS-634 
: entitled "MSG-BS Interface for Public 800 MHz" IS-634 provides a standard of 
connection . between operating regions and supports soft handoff. An 
exemplary embodiment of an IS-634 connection is shown in FIG. 5. In FIG. 5 
like reference designators are used to refer to like elements shown in FIG. 4. 
i Switch 34 has been eliminated and switch* 32 is providing the connection 
. between the base stations of operating region 38 to me PSTN and 3 the 
connection between the base stations of operating region 36 and me PSTN. 
- ^ Hzst A- third : more efficient • < manner to achieve connection of base 
c station; 16 to selector 28 is to connect CIS 6 to CIS 8. Connection 40 between 
OS 6 and CIS 8 is also shown in FIG. 5: This connection while convenient is 
not an effective industry solution because the architectures used by different 
systems can differ greatly. A connection like connection 40 is available only 
when the design of operating region 36 and- operating region 38 are highly 
similar.-? However, if such an efficient connection is available, me principles 
of the present invention apply directly. -± " - 
. - The second difficulty is that the actual method- used to calculate the 
power control parameters may be different in the two operating region! In 
the present invention only three pieces of power control information are 
transferred between the two systems: EIB (or FER), Gxc/GpUot, and reverse 
threshold. From these three pieces of information, any of several methods 
can be used to control the power control loops. Notice that the prior art 
values can be obtained by integrating over time the parameters transferred 
between the two systems in accordance with the power control protocol of 
the present invention. 

For example, returning again to the example above as remote unit 12 
enters the coverage area of base station 16, assume that operating region 38 is 
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using a method of power control modeled after the prior art methods. Also 
assume that remote unit 12 is operating using the Rate Set 2. In such a case 
to control the forward link power control loop, RLM 26 sends turn-up and 
turn-down threshold indications to the base stations under its control 
5 without knowing the threshold that each base station is using and remote 
.unit 12 sends an EIB with each frame. Because operating region 36 is 
operating in accordance with the power control protocol of the present 
invention (and regardless of whether operating region 36 is operating with 
the centralized power control), RLM 26 receives from base station 16 
10 through the IS-634 link the EIB indication. RLM 26 can calculate the 
corresponding Gjc/Gpiiot value for base station 16 using an analogous or a 
different calculation system as used by the base stations of operating 
region 38. RLM 26 then forwards the Grc/GpUot value to CIS 6 over the 
IS-634 link. 

15 If operating region 36 is using a power control mechanism in 

accordance with the present invention, base station 16 can use the Gjc/Gpn^ 
value directly to set the power level of the corresponding forward link traffic 
channel. If operating region 36. is using a power control mechanism in 
. accordance with the prior art method, base station 16 is expecting a 
20 command indicating whether it should increase or decrease the power level 
of the signal that it is transmitting to remote unit 12. In this case, either base 
station 16 or RLM 22 simply compares the last Gre/G p a 0 t value to the current 
r ; : Gtc/ GpUot value and generates the proper increase or decrease command. In 
this way, the power control protocol of the present invention can facilitate 
25 operating in accordance with die prior art power control system. 

Note that the analogous mechanism can take place with regard to the 
reverse link power control. The power control protocol of the present 
invention works equally well if ;.the communication takes place over the 
B-634 link, IS-41 link or other link. The actual ahdiitecture/ allocation of 
30 functions and the path of the communication link can be quite different 
, between the two operating regions while still making use of the power 
control protocol of the present invention. 

Another aspect of the power control protocol of the present invention 
is the actual bit allocation and format used to transfer the three pieces of data 
35 between the operating systems. The format of the data must be consistent 
between operating systems and therefore should be standardized by the 
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telecommunications industry. IS-634 provides the mechanism' by which 
uniform inter-system communication is defined. 

Typically the operating regions are connected by a DS0 link which is a 
standard 64 kilobit per second (kbit) or 56 kbit digital channel. The DS0 link 
is referred to as me physical interface layer or layer 1. Each digital channel is 
used to support a single remote unit in soft handoff. The 64 kbit digital 
channels are divided into four 16 kbit subrate circuits. The 56 kbit digital 
channels are divided into three 16 kbit subrate channels. The subrate 
channels are multiplexed on to the digital channel, for example; such that 
each subrate channel occupies two bits out of the eight bits of Jhe D50. One 
digital channel is used to transport data corresponding to a single remote 
unit from up to four different base stations with which the remote unit" is in 
communication. - 

In the preferred embodiment, the layer 2 frame structure occupies 320 
bits. The first 16 bits designate a flag/ The flag is used to mark the beginning 
of a frame of data.. In the pr^erred-- embodiment the flag value- is 06B9 in 
hexadecimal. The next set of bits is the information field. The number of 
information bits in the information field varies as a function of the rate set 
and the.data ra^.as explained fully below. Following the information /field 
is the frame check sequence: The frame check, sequence consists of the 
standard LAP frame check sequence. LAP stands for. -Link Access Procedure, 
which is used in jayer-2 for data link establishment, frame alignment, frame 
sequencing, flow control, and frame error detection and. retransmission. 
The LAP Frame Check Sequence (FCS) is usually a Cyclical Redundancy 
Check (CRC) that covers the entire LAP Frame (Le., everything between the 
start flag and the FCS itself).' Finally a set of fffl bits are used to. complete 
the 320 bits of the layer 2 frame. Table U shows the number of fill bits per 
frame for the four possible data rates for both the forward and reverse layer 2 
frames and an erasure indication and an idle indication for . the reverse layer 
2 frames. An "idle" occurs when a base station has been commanded to 
decode the information signal from a remote unit but has yet to acquire the 
remote unit signal. 
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Rate 


Transmission Rate 


No. of Layer 2 


No. of Zero 


No. of Sync 


Set 


(bps) 


Fill Bits 


Fill Bits 


Pattern Bits 1 


1 


9600 


88 , . 


0 


88 




4800 


184 


96 


88 




2400 


224 


136 


88 




1200 . ... 


240 


152 


88 


2 


14400 


0 


48 


0 




7200 


136 


120 


88 




3600 


208 


152 


88 




1800 


240 


176 


88 


other 


Erasure 


> 264 


176 


88 




Idle 


264 


176 


88 



Table O 



The 88 sync bits are used to aid sjjnnchrbnization performance for each 
layer 2 frame except Rate Set 2, full rate frames. The chosen value of the 
sync bits provides that if the sync bite ire pre-pended to the flag field bits and 
the aggregate sequence is compared to itself, the number of bits in which the 
bits values agree is equal to the number of bits, 104. Ideally if the flag and 
pre-pended sync bits are compared to themselves offset by any number of 
bits, the number of bit locations in which the offset sequences agree is equal 
to the number of bit locations in which the offset sequences disagree. In 
reality, it is sufficient that die difference between the number of location in 
which the offset sequences agree and number of locations in which the offset 
sequences disagree is small compared to 104. In the preferred embodiment, a 
maximal length sequence of length 127 produced by the 7th degree primitive 
polynomial g(x) as x 7 + x 4 ■■+ x 3 +x 2 + 1 is truncated to produce the following 
88 bit sync pattern sequence: 

OOllCttKWllllOlilllOlOllOlOlOOl^ 
101110000011010000. 

The variable length information field comprise the information in 
accordance with the present invention. The information bits are referred to 
as the layer 3 information. The preferred embodiment of the layer 3 
information is shown in Table m. Column 2 of Table HI illustrates the bit 
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format for a forward link, Rate Se t 2, full rate frame. Column 1 of Table IQ 
illustrates the bit format for all "other forward link frames. Column- 4 of 
Table m illustrates the bit format for a reverse link, Rate; Set 2/ full rate 
frame. Column 3 of Table m illustrates the bit format for all other reverse 
5 link frames. " . * . "' ' . ." • - 
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Bit 


Column 1 


Column 2 


Column 3 


Column 4 


1 


Forward 


Forward 


Reverse 


Reverse 


2 


Sequence No. 


Sequence No. 


Sequence No. 


Sequence No. 


3 


Sequence No. 


Sequence No. 


Sequence No. 


Sequence No. 


! 4 


Sequence No. 


Sequence No. 


Sequence No. 


Sequence No. 


5 


For. Gain Ratio 


For. Gain Ratio 


Clk Adjust 


Clk Adjust 


6 


For. Gain Ratio 


For. Gain Ratio 


Clk Adjust 


Clk Adjust 


7 


For. Gain Ratio 


For. Gain Ratio 


Clk Adjust 


Clk Adjust 


8 


For. Gain Ratio 


For. Gain Ratio 


Clk Adjust 


Clk Adjust 


9 


For. Gain Ratio 


For. Gain Ratio 


Clk Adjust 


Clk Adjust 


10 


For. Gain Ratio 


For. Gain Ratio 


Reserved 


Reserved 


11 


For. Gain Ratio 


For. Gain Ratio 


Reverse Qual. 


Reverse Qual. 


12 


For. Gain Ratio 


For. Gain Ratio 


Reverse Qual. 


Reverse Qual. 


13 


Rev. Ew/Nj 


Rev. Ew/Ny 


Reverse Qual. 


Reverse Qual. 


14 


Rev. E W /N T 


Rev. Ew/Nt j 


Reverse Qual. 


Reverse Qual. 


15 


Rev. Ew/Nj 


Rev. Ew/Nt 


Reverse Qual. 


Reverse Qual. 


16 


Rev. Ew/N T i 


Rev. Ew/Nt 


Reverse Qual. 


Reverse QuaL 


17 


Rev. E W /N T 


Rev. Ew/Nt 


Reverse Qual. 


Reverse Qual. 


18 


Rev. Ew/Nj 


Rev. Ew/Nt 


Reverse Qual. 


Reverse Qual. 


19 


Rev. Ew/Nt 


Rev. Ew/Nt 


Set 2, Full Rate 


Set 2, Full 
Rate 


20 


Rev. Ew/Nj 


Rev. Ew/Nt 


EIB 


EIB 


21 


Set 2, Full Rate 


Set 2, Full Rate 


Other Rate Info. 


Reserved 


22 


Other Rate Info. 


Information 


Other Rate Info. 


Information 


23 


Other Rate Info. 




Other Rate Info. 




24 


Other Rate Info. 




Other Rate Info. 


a . » 


25 


Information 




Information 




■ • 










• • • 






... 


. . . 


• * • 


Layer 3 Fill 


... 


Layer 3 Fill 












• . . 



TABLE m 

The first bit of each of the four types of frames indicates whether the 
5 packet is a forward packet or a reverse packet. Having the forward /reverse 
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indication first allows for, immediate processing of the packet before the 
entire packet arrives. The next three bits are the sequence number that is 
used to time align the frames. The sequence number is the CDMA system 
time, modulo 8. The sequence number corresponds to the transmission 
time of the CDMA frame over the air. Having the sequence number second 
allows alignment, and assignment to a proper, storage location in which to 
wait on other frames, corresponding to the sequence number. The early 
position of the sequence number; also allows the whole packet to be 
disregarded if it has arrived too late. : J- 

The next eight bite, bite 5 - 12, of die forward link' frames are the ratio 
of Gjc/Gpaot referred to as the Forward Traffic Channel Gain Ratio. The 
Forward Traffic Channel Gain Ratio is calculated as: 

Forward Traffic Channel Gain Ratio i = Min (L( A t f ApH28_l255) _ 

where At = die full-rate Forward Traffic Channel gain; 
: v r , . j ■ -, Ap = the Pilot Channel gain; . .<i - ; . ' 

LxJ = the largest integer less thanor equal to X; and 
?:<■: Min (X,Y) =- whichever one of X or Y has a smaller value. 

The next eight bite, bite 13 - 20* in the "forward frames are the Reverse 
Traffic Channel E w /Nx. The reverse threshold is specified as Ew/Nt where 
Ew is die ratio of the total demodulated Walsh symbol energy and Nj is the 
total received power spectral density on "the RF channel. The Reverse 
Threshold E w /Nt field has a range of 0 to 255 in unite ..of O.ldB 
corresponding respectively to Q to 25^5 dB. ' ; • . - - n- 

Bit location 21 indicates whether the traffic channel information 
corresponds to Rate Set 2, full fate. If the traffic channel information 
corresponds to Rate Set 2, full rate, the traffic channel information begins 
with bit 22 as shown in Column 2. If the frame is not Rate Set 2, full rate, 
the next three bite designate which of the remaining data rates has been used 
to encode the data as shown in Table IV. Starting with bit location 25, the 
actual traffic channel information begins. 
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Rate 


Data Rate 


Other Rate Info. Value 


Set 


Name 




1 


full 


100 




half 


101 




quarter 


110 




. . eighth 


. Ill . . . 


2 


half 


001 




quarter 


010 




eighth 


Oil 



Table IV 



Note that Column 2 of Table m is used only for Rate Set 2, full rate 
frames as indicated by bit 21. The rate set is chosen as the result of service 
negotiation when the connection is established. After the connection has 
been established, the rate set is very rarely changed. If the rate set is changed 
5 during communication, the rate change is the result of service re- 
negotiation. In an alternative embodiment because the rate set is fixed and 
known, the rate set designation is not sent within each frame in the interest 
of bit efficiency. 

Finally a set of layer 3 fill bits are used to complete the layer 3 frame. 
10 Table V shows the number of layer 3 fill bits per frame for the four possible 
data rates of each rate set for the forward direction. 



Rate 


Transmission Rate 


No. of Fill Bits Per 


Set 


- (bps) 


Layer 3 Frame 


1 


9600 


4 




4800 


o ■ 




2400 


0 




1200 


0 


2 


14400 


o 




7200 


3 




3600 


1 




1800 


3 



Table V 
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- The Forward Traffic Channel Information is the information that is 
sent from r the base stations to the^remote unit. In the preferred 
embodiment, in accordance with IS-95 or IS-95A, the information bits are 
supplied from the multiplex option sublayer/ IS-95 and IS-95A also specify 
the bit;order /within the information- : T 1 

;The first four bits of the reverse frames shbwn in Columns 3 and 4 are 
the same as the forward link frames. Bits 5 through 9 are the Fine Clock 
Adjust The Fine Clock Adjuif specifies the desired change in time that 
forward direction layer 2 frames should arrive at the base stations in units 
; of * 25 microseconds' ftisec). Positive values of th^ Fine Clock Adjust request 
that the frames arrive ? earlier in time while negative values' indicate that the 
forward direction layer 2 frame should arrive later in time. The following 
bit bit 10, "is reserved for future designation: -A^v - 

The next eight bits,bit 11 - 18, indicate the Reverse Traffic Channel 
Quality, Seven of the eight bits are used to specify the symbol 6rror rate as 
calculated by the base station and one is a CRC calculated by the base station. 
The symbol error rate arid CRC are used by the selection process to choose 
the most advantageous reverse link frame for subsequent processing. If the 
reverse frame, has an associated CRC and I the' CRC passed; the base station 
sets bit 11 to !1.L If the frame CRC fails or if the frame is not associated with a 
CRC, the .base station sets bit 11 to U' The symbol error rate occupies the 
next seven bits, bits 12 - 18. The binary value of the Y symbbl error rate is 
calculated as: 

127 - Lmin(Re-Encoded Symbol Error Rate ♦ a, 255)/2j 

where Re-Encoded Symbol Error Rate = the number of errors found 

when comparing the receive symbols at the input 
of the convolutional code decoder and the 
re-encoded symbols at the output of the 
convolutional code decoder; 

a = 1, for full rate frames of each rate set; 

a = 2, for half rate frames of each rate set; 

a = 4, for quarter rate frames of each rate set; 

a = 8, for eighth rate frames of each rate set; 

LxJ = the largest integer less than or equal to X; and 

Min (X,Y) = whichever one of X or Y has a smaller value. 
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The Re-Encoded Symbol Error Rate computation includes the erasure 
indicator bit if applicable, the information bits, the frame quality indication 
if applicable and the encoder tail bits. For more information about these 
information bits, see IS-95. For more information on the Re-Encoded 
5 Symbol Error Rate, see the above-mentioned U.S. Patent application serial 
No. 08/233370 entitled "METHOD AND APPARATUS FOR 
DETERMINING DATA RATE OF TRANSMITTED VARIABLE RATE DATE 
IN A COMMUNICATIONS RECEIVER." : 

Bit location 19 indicates whether the traffic channel information 

10 corresponds to a Rate Set 2, full rate frame. Bit 20 is the Erasure Indicator 
Bit The Erasure Indicator Bit is set to 'O* if Rate Set 1 is being used. When 
Rate Set 2 is being used, the base station sets bit 20 to T if the Erasure 
Indicator Bit received from the remote unit is '1/ otherwise the base station 
sets bit 20 to '0/ The following bit, bit 21, is reserved for future designation. 

15 . If the traffic channel information corresponds to a Rate Set 2, full rate 

frame, the traffic channel information begins with bit 22 as shown in 
Column 4. If the frame is not Rate Set 2, full rate, the next four bits 
designate which of the remaining data rates has been used to encode the data 
as shown in Table VI. According to IS-95> the rate determination algorithm 

20 may return an indication that a Rate Set 1, full rate frame has most likely 
been received. The corresponding rate indication is shown in the last row of 
Table VI. Starting with bit location 25, the actual traffic channel information 
begins. 
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Rate 


Data Rate 


Other Rate Info. Value 


Set 


Name 1 


•j ■ 


1 


^ full 


0100 




half 


oioi 


-* 


quarter^ 


• 0110 




eighth 


0111 


2 


half 


0001 .. 




quarter 


: 0010 




eighth 


- 0011 




Erasure 


' iooo. . 




Idle 


5 1001 a - 




Set 1, Full 


. 1010. 




Rate Likely 





_ , Table VI, . 

The Reverse Traffic Channel Information is set to' me^' estimated 
information that the base station received from the remote unit. The base 
station includes the number 'of layer 3 fill bits in the information 
corresponding to the transmission- rate to the Reverse Traffic Channel 
Frame. The base station sets the information bits to the information bits 
received from the remote unit which correspond to the multiplex sublayer 
as described in IS-95 and IS-95A: The number of bits at each data rate for the 
reverse channel is the same as the forward channel and is given in Table 
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Rate 
Set 


Transmission Rate 


No. of Fill Bits Per 
Layer 3 Frame 


1 


9600 


4 




4800 


0 




2400 


0 




1200 


0 


2 


14400 


0 




7200 


3 




3600 


1 




1800 


3 


other 


Erasure 


0 




Idle 


0 



Table Vn 

Note that for packets that do not contain full rate frames, the packet 
format is the same whether or not the corresponding remote unit is in Rate 
Set 1 or 2. In the preferred embodiment, a remote unit operating under 
IS-95 in Rate Set 1 sends the FER data within the data payload of the packet 
5 When the other rate information bits indicate that the reverse packet carries 
a Rate Set 1 frame, the ETB bit, bit 20, is simply ignored because an EIB is not 
associated with Rate Set 1 data. 

There are many obvious variations to the present invention as 
presented including simple architectural changes. As noted above, the 

10 elegance of the present invention is that it can be practiced between a large 
variety of different operating region architectures. For example, the 
selection and vocoding functions may be integrated into the switch. Or the 
vocoders may be located in a bank of resources not specifically allocated to a 
selector. The present invention works equally well with data connections as 

15 it does with voice connections. With a data connection, the selector uses a 
modem rattier than a vocoder to convert the selected frame data to PCM 
data and to convert PCM data from the switch to frame data. For an 
exemplary embodiment of a data connection see US. Patent No. 5,479,475 
entitled "METHOD AND SYSTEM FOR PROVIDING COMMUNICATION 

20 BETWEEN STANDARD TERMINAL EQUIPMENT USING A REMOTE 
COMMUNICATION UNIT issued December 26, 1995. 
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10 , 



15 



The present invention also can be used in a variety of different 
commurucafcon systems. • For exan^le; the central power contlol 

• whthT" *" PfeSent C °* d CaSi * * W to a S ysZ 

wluch does not use a pilot signal. Also a variety; of different tvJesTf 

^TTT'T 1 ^ ******* Actions. For 

could be replaced warn a single bit demodulation or decoding, quality Lex 

Theprev,ous description of the preferred embodiments is provided to 
-able any person skilled in the art to make or use the present 
The vanous modifications to these embodiments will be readily appa^ to 

apphed^to other embodiments without the use of the inventive faculty 
Thus the present invention is not intended to ^ be limited to thl 
e^en^shownher^butistobe^ 

with the principles and novel features disclosed herein/ , ^ 
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CLAIMS 

1. In a system where forward link frame data is transmitted from at 
2 least one active Base station to a remote unit and reverse link frame data is 

transmitted from said remote unit to said at least one active base station, a 
4 method of providing centrally controlled power control comprising the 

steps of: 

6 transmitting a first forward link frame of data from a first active base 

station to said remote unit at a first power level and transmitting a pilot 
8 signal at a first base station pilot power level; 

receiving at said remote unit said first forward link frame of data and 
10 decoding said first forward link frame of data to produce a first forward link 

estimated frame of data or an erasure bit; 
12 transmitting from said remote unit to said first active base station an 

erasure indication bit indicating whether or not said first forward link frame 
14 of data was decoded as an erasure; 

receiving at said first active base station said erasure indication bit and 
16 forwarding said erasure indication bit to a radio link manager; 

calculating by said radio link manager a desired ratio of a power level 
18 of a second forward link frame of data to a pilot poWer level; 

transmitting from said radio link manager to each of said at least one 
20 base stations said desired ratio and said second forward link frame of data; 
and 

22 transmitting said second forward link frame of data at a second power 

level from said first active base station wherein said second power level is 
24 equal to said first base station pilot power level times said desired ratio. 

2. The method of Claim 1 wherein said second frame is a priority 
2 frame and wherein in response thereto said radio link manager increases 
said desired ratio. 
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